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Abstract
We generalize the swampland criterion forbidding stable non-supersymmetric AdS vacua and
propose a new swampland conjecture forbidding stable non-supersymmetric “locally AdS”
warped throats. The conjecture is motivated by the properties of systems of fractional D3-
branes at singularities, and can be used to rule out large classes of warped throats with super-
symmetry breaking ingredients, and their possible application to de Sitter uplift. In particular,
this allows to reinterpret the runaway instabilities of the gravity dual of fractional branes in the
dP1 theory, and to rule out warped throats with Dynamical Supersymmetry Breaking D-brane
sectors at their bottom. We also discuss the instabilities of warped throats with supersymme-
try broken by the introduction of anti-orientifold planes. These examples lead to novel decay
mechanisms in explicit non-supersymmetric examples of locally AdS warped throats, and also
of pure AdS backgrounds.
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1 Introduction: Quantum Gravitational String Phenomenol-
ogy
The recent flurry of activity, largely triggered by [1–3], in constraining phenomenolog-
ical string model building using Quantum Gravity swampland criteria [4–11] (see [12]
for a recent review) is giving birth to an emerging field, which can deservedly claim the
designation of Quantum Gravitational String Phenomenology.
The application of constraints convincingly argued to hold in any theory of Quan-
tum Gravity is leading to new breakthroughs. In particular, the Weak Gravity Con-
jecture (WGC) [6] (see [1–3, 13–26] for different formulations and applications) has
– 1 –
motivated the remarkable statement that stable non-supersymmetric Anti de Sitter
(AdS) vacua are not possible in Quantum Gravity [7, 8]. This AdS-WGC constraint
is largely motivated by the application of the refined WGC to systems of branes in
the near horizon limit, and has received direct support from the study of decays of
non-supersymmetric AdS vacua in string theory via bubbles of nothing [27]. The AdS-
WGC has been argued to have far-reaching implications for particle physics and its
scales [24–26].
There are also recent proposals of swampland criteria attempting to rule out de Sit-
ter vacua as well [9, 28, 29], possibly in certain regimes under parametric control. This
claim clashes with familiar roadmaps for the construction of de Sitter vacua in string
theory [30, 31], see [32, 33] for recent discussion. A key ingredient in the parametric
control of these scenarios is the presence of warped throats [34, 35] at whose bottom
the supersymmetry breaking sectors are localized, so that they undergo a redshift cru-
cial for the tunability of the 4d vacuum energy. Starting from the original proposal
of supersymmetry breaking by anti-D3-branes [30], there is a rich variety of proposals,
see e.g. [36–38]. Hence, it is interesting to explore the interplay of non-supersymmetric
warped throats with constraints from Quantum Gravity.
In this paper we consider non-compact warped throats and constrain these 5d
backgrounds by proposing a new swampland conjecture, the local AdS-WGC, which
generalizes the AdS-WGC to locally AdS warped throats. The conjecture is motivated
by considering the near horizon limit of systems of fractional D-branes at singular-
ities, but should hold more in general. Although it does not constrain metastable
non-supersymmetric throats, hence has no direct implication for e.g. anti-D3-brane
models, it can be used to rule out large classes of warped throats with supersymmetry
breaking sectors at their bottom. We study this phenomenon in several explicit ex-
amples, shedding new light on already known instabilities in supersymmetry breaking
D-brane models, such as the dP1 theory, and unveiling novel decay channels in AdS
or locally AdS backgrounds. For instance, we explicitly discuss warped throats with
supersymmetry broken by the introduction of anti-orientifold planes.
A remarkable feature of these examples is that the non-supersymmetric back-
grounds are stable at the classical level, and that the pathologies arise at the quantum
level, often by nucleation of bubbles hosting interiors of more stable vacua. This is
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consistent with the interpretation of these constraints as arising from consistency in
Quantum Gravity.
The paper is organized as follows: In Section 2 we review systems of D-branes at
singularities and fractional branes using the powerful toolkit of dimer diagrams. In Sec-
tion 3 we propose the local AdS-WGC criterion; we derive it in section 3.1, and use it
in section 3.2 to reinterpret the properties of supersymmetric and non-supersymmetric
warped throats dual to fractional D3-branes in toric singularities. In section 3.3 we
discuss the situation for throats with meta-stable supersymmetry breaking. In Section
4 we consider an illustrative example of a system of D3-branes with Dynamical Super-
symmetry Breaking due to strong dynamics and consider its embedding into warped
throats. The D-brane gauge theory is discussed in section 4.1, and in section 4.2 we
describe the instabilities that arise when embedded into AdS or locally AdS warped
throats, in agreement with the (local) AdS-WGC implications for non-supersymmetric
throats; in section 4.3 we describe the local AdS-WGC statement in an explicit exam-
ple illustrating how it applies to non-supersymmetric throats from N = 2 fractional
branes. Section 5 treats warped throats with supersymmetry broken by the presence of
anti-orientifold-planes. In section 5.1 we discuss generalities about such throats. In sec-
tion 5.2 we focus on anti-O3-planes, describe their different kinds and their interaction
with systems of D3-branes. In section 5.3 we discuss the corresponding gravitational
backgrounds and describe their instabilities, in agreement with the (local) AdS-WGC
statement. Finally, in Section 6 we give our conclusions.
2 Review of dimers and fractional branes
Here we briefly review some ingredients of the dimer diagram description of D3-branes
at singularities. The initiated reader is welcome to skip it and jump into the next
sections.
The gauge theories on D3-branes at toric CY threefold singularities are nicely en-
coded in a combinatorial graph known as dimer diagram [39, 40] (see also [41, 42] and
references therein). They are (bipartite) graph tilings of T2, or equivalently infinite
periodic graphs in R2. Their faces correspond to gauge factors, edges represent bi-
fundamental chiral multiplets (oriented e.g. clockwise around black nodes, and counter-
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clockwise around white nodes), and nodes represent superpotential couplings (with sign
determined by the node color). As an illustration, the diagram for the conifold is shown
in figure 1(a). The corresponding gauge theory [43] has gauge group U(n1)×U(n2), bi-
fundamental chiral multiplets in two copies of the representation ( 1, 2)+( 1, 2),
denoted by Ai, Bi, i = 1, 2, and a superpotential W = ikjlAiBjAkBl.
The geometric information about the CY singularity is encoded in simple combi-
natorial objects in the dimer, whose discussion we skip, directing the interested reader
to the references. We just mention that the geometries are encoded in web diagrams,
which specify the fibration structure of the corresponding toric geometry. The web di-
agram can be obtained by constructing the zig-zag paths in the dimer (these are paths
constructed out of sequences of edges which turn maximally left at black nodes and
maximally right at white nodes) and translating the non-trivial (p, q) windings of the
path on the two non-trivial 1-cycles in T2 into the (p, q) labels of external legs in the
web diagram. The web diagram for the conifold is shown in figure 1(b).
Figure 1. (a) Dimer diagram for the theory of D-branes at a conifold. The dashed line is
the unit cell in the periodic array. (b) Web diagram of the conifold. We have displayed it
with a finite size S2 (middle segment) for clarity; the actual singularity arises when this S2
is blown-down.
The choice of ranks ni in the gauge groups of the dimer theories is arbitrary, but
constrained by cancellation of RR tadpoles. These are equivalent to cancellation of
non-abelian gauge anomalies (understood as formally imposed for all gauge factors,
even those of possible empty faces). These conditions also guarantee the cancella-
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tion of mixed U(1) anomalies thanks to Green-Schwarz couplings. There are in fact
topological BF couplings with RR 2-forms making all U(1) factors massive (even the
non-anomalous ones, see [44]). Supersymmetry of the configuration implies that blow-
up modes couple as (field dependent) FI terms to the D3-branes. Although these
U(1)’s are massive, it still makes sense to discuss them if the corresponding couplings
to localized closed string modes are taken into account.
The choice of all ranks equal ni ≡ N for all i is always allowed, and corresponds
to D3-branes which can move off the singularity, as signaled by corresponding flat
directions in the D3-brane gauge theory. This in fact underlies the way in which the
dimer encodes the CY threefold geometry, as the moduli space of a single such D-
brane. These D3-branes are referred to as dynamical, or regular (since, for orbifold
singularities, they are associated to the regular representation of the orbifold group
[45]).
Other rank assignments consistent with the RR tadpole constraints are known as
fractional branes. They can be regarded as D5-branes wrapped on 2-cycles (collapsed
at the singularity) such that their dual 4-cycle is non-compact. This allows the RR
charge carried by the D-branes to escape to infinity. These can always be written as
combinations of certain basis of fractional branes, which fall into different classes, as
described in [46], as follows:
• The so-called N = 2 fractional branes correspond to an overall increase of ranks
in a subset of faces bounded by zig-zag paths associated to the same (p, q) 1-cycle
in the dimer T2. They are associated to parallel external legs in the web diagram, or
equivalently to curves of C2/Zk singularities sticking out of the singularity at the origin.
The gauge theory on these fractional D3-branes has a flat direction, parametrized by
the meson obtained by concatenation of bifundamentals joining the faces bounded by
the zig-zag paths in the dimer. The flat direction describes the possibility of moving the
fractional D-brane off the origin along the curve of singularities, to become a fractional
brane of C2/Zk, namely a D5-brane wrapped on one of the collapsed 2-cycles of the
orbifold singularity. The gauge theory on this branch is the N = 2 Ak−1 quiver gauge
theory [45], hence the name. An example of N = 2 fractional brane is shown in Figure
2.
• The so-called deformation branes are associated to complex deformations of the
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Figure 2. a) Dimer diagram showing an N = 2 fractional brane in the PdP4 theory; b) Web
diagram, displaying the corresponding mobile P1 as a red discontinuous segment.
CY threefold singularity. They are associated to splittings of the web diagram into
sub-webs in equilibrium. The rank assignment corresponds to an overall increase of
ranks in the subset of faces bounded by the splitting. Namely, the homological sum of
the zig-zag paths associated to the sub-web removed (in a given complex deformation,
the two sub-webs give the same result, due to the condition that the total sum of (p, q)
charges for external legs is zero). They correspond to checkerboard pictures on the
dimer. The complex deformation of the geometry has a field theory counterpart, in
which the gauge theory on the fractional branes confines and has a complex deformed
moduli space. The resulting gauge theories are associated to the two sub-webs [47, 48].
An example of a deformation fractional brane is shown in Figure 3.
The gauge theory arising from a set of N regular D3-branes and M (deformation)
fractional branes, leads to RG flows with a sequence of Seiberg duality cascades, along
which the overall number of D3-branes N is reduced in multiples of M , and the num-
ber M of D5-branes remains fixed. The gravity dual corresponds to a warped throat
supported by RR 3-form fluxes on the 3-cycles associated to the complex deformed
singularity, and NSNS flux in the dual (non-compact) 3-cycle. Their combination
G3 = F3 − τH3 is an ISD 3-form of type (2, 1), thus preserving supersymmetry [49–
51]. The throat is locally similar to AdS5 ×X5, but with logarithmic changes in the
cosmological constant and the RR 5-form flux along the radial direction.
The simplest example is the conifold, studied exhaustively in [34] both from the
viewpoints of field theory and of its gravity dual warped throat. The generalization of
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Figure 3. a) Dimer diagram showing a deformation fractional brane in the dP3 theory; b)
Web diagram, and its splitting into subwebs in equilibrium, with the finite size S3 displayed
as a red discontinuous segment suspended between the subwebs.
duality cascades in gauge theories associated with fractional branes in more general sin-
gularities has been studied in [47, 52]. We will consider the gravity dual of deformation
branes in general singularities in section 3.1.
• The last class corresponds to the remaining kind of fractional branes. Their
corresponding rank assignments on faces have no correspondence with a set of zig-zag
paths defining a sub-web in equilibrium. Therefore, there is no geometric complex
deformation of the singularity associated to them. Indeed, contrary to deformation
fractional branes, their infrared dynamics involves non-abelian gauge dynamics (even
for the minimal such fractional brane) and results in the absence of a supersymmetric
vacuum (hence they were dubbed DSB branes in [46], see also [53, 54]). On the other
hand, similarly to deformation fractional branes, they can trigger duality cascades in
the presence of N regular D3-branes, which define some warped throats (albeit with
naked singularities in the infrared region) [52]. The discussion of the infrared dynamics,
supersymmetry breaking, and its implications for the gravity dual and the deformed
AdS-WGC are discussed in section 3.1
In this paper we will also exploit systems of D-branes at orientifolds of toric singu-
larities. They can be usefully encoded in suitable modifications of dimer diagrams. The
general description was provided in [55], and corresponds to modding out the dimer
diagram by a Z2 involution. There are two kinds of orientifold quotients, classified by
their fixed sets being lines or points. Two such orientifolds of the conifold theory are
– 7 –
shown in figure 4. It is easy to construct other examples, see later and [55].
Figure 4. Dimer diagrams for orientifolds of the conifold with fixed points (a) or fixed lines
(b).
In the following we will mainly focus on models with orientifold fixed points in the
dimer. For this class, the rules are as follows (see [55] for detailed derivations). Each
orientifold point carries a ± sign, with the constraint that the number of orientifold
planes with the same sign is even (resp. odd) for dimers with number of nodes given
by 4k (resp. 4k + 2). Orientifold points with charge + (resp −) in the middle of a
dimer face project down the corresponding gauge factor to SO(na) (resp. USp(na) ).
Orientifold points with charge + (resp. −) in the middle of a dimer edge project down
the corresponding bifundamental onto the two-index symmetic (resp. antisymmetric)
representation. Finally, faces and edges not mapped to themselves by the orientifold,
combine with their images and descend to U(na) gauge factors and bi-fundamental
matter multiplets in the orientifold theory.
3 The local AdS-WGC swampland criterion
3.1 Derivation
The WGC [6], in its minimal formulation establishes that in any theory including
quantum gravity, any U(1) gauge factor should have a super-extremal charged particle,
namely q ≥ m, in natural units. This has been generalized to other p-form gauge
fields, requiring the existence of the corresponding branes with tensions bounded by
their charges, Q ≥ T , an extension natural in string theory models via T-duality.
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The proposal in [7] of a refined WGC establishes that the inequality is saturated
only for BPS states in supersymmetric theories. This further motivates the AdS-WGC
statement that theories of quantum gravity do not have stable non-supersymmetric
AdS vacua, which are thus in the swampland, rather than the string landscape. The
AdS-WGC is largely motivated by a particular (but large) class of AdS backgrounds in
string theory, which correspond to flux compactifications arising as near horizon limits
of systems of D-branes. A prototypical example is the type IIB AdS5×S5 solution with
N units of RR 5-form flux on the S5, which arises as the near horizon limit of a system
of N D3-branes in flat 10d spacetime [56]. In short, the T = Q condition is crucial
in the structure of these vacua, in which the tension creating the spacetime curvature
is balanced against the flux sourced by the brane charge in the underlying picture.
This proposal is further supported by the study of instabilities of non-supersymmetric
AdS vacua due to bubbles of nothing [27]. The AdS-WGC is a powerful statement,
which e.g. has subsequently been applied to derive novel constraints on particle physics
[24–26, 57].
In this paper we propose a generalization of the conjecture, which we dub the local
AdS-WGC. It states that certain warped throats backgrounds, which are AdS locally in
the radial direction but have a slow variation of the local 5d value of the cosmological
constant, are not consistent in quantum gravity, except for supersymmetric cases. The
precise formulation will be manifest from the derivation below.
The derivation follows the strategy of [7] for AdS fluxed backgrounds, by taking a
near horizon limit of D-brane systems. In our case, we apply the near horizon descrip-
tion to systems of regular and fractional D3-branes at singularities, in particular the
toric CY singularities of section 2. We note that the discussion below also applies to
throats from N = 2 fractional branes, despite the presence of singularities in the near
horizon geometry, if one accounts for the additional fields from the twisted sectors, see
4.3 for extra details.
The backgrounds correspond to the holographic duals of (the UV regime of) gauge
theories with cascading RG flows, like the familiar conifold example. The statements
below have well-established translations to the holographic dual gauge theory on the
D-branes, but we prefer to emphasize the properties of the gravity side.
Consider a system of N regular and M fractional D3-branes at a toric CY singu-
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larity with metric,
ds2Y6 = dr
2 + r2ds2X5 (3.1)
The near horizon geometry is a solution of the kind considered in [58] for the coni-
fold and generalized in [51, 52], as a particular class of the supersymmetric warped
compactification ansatz in [35, 50],
ds2 = Z(r)−1/2 ηµν dxµ dxν + Z(r)1/2 [ dr2 + r2ds2X5 ]. (3.2)
One obtains a warped version of the singular manifold, which can be regarded as the
5d horizon X5 fibered over the 5d space given by 4d Minkowski space and the radial
direction r.
There are M units of RR 3-form flux along a non-trivial 3-cycle Σ3 (topologically
an S3 or a Lens space) in X5, and a corresponding NSNS 3-form flux, such that the
combination (setting the 10d RR axion to zero for simplicity) G3 = F3 − ig sH3 is a
harmonic (2,1)-form, so that the flux is supersymmetric. This H3 flux can be described
as a variation in r of the 5d scalar arising from the axion φ given by the component of
the NSNS 2-form B2 along the harmonic 2-form ω2 Poincare´ dual to Σ3 (equivalently,
the period of B2 over the 2-cycle Σ2 dual to Σ3 in X5), specifically.
H3 = gsM
dr
r
∧ ω2(Σ3) (3.3)
The combination of fluxes is a source of the RR 5-form dF5 = F3 ∧ H3, such that its
flux N over X5 varies logarithmically as
N ∼ gsM2 ln(r/r0) (3.4)
where r0 is a cutoff distance. The fluxes also backreact on the geometry, via the warp
factor, which obeys
(∇2YZ) vol(Y6) = gs F3 ∧H3 (3.5)
leading to
Z(r) =
4pigs
2
r4
M2
(
ln
(
r
r0
)
+ 1
)
(3.6)
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The whole of X5 shrinks at r = 0, but the F5 flux has disappeared by then, so there is
no topological obstruction to the shrinking from this side. However, the 3-cycle Σ3 in
X5 also collapses, and it supports the F3 flux, which is constant. This leads to a naked
singularity at the tip of the throat.
The 5d part of the above solution describes what we refer to as a local AdS solution.
It corresponds to a background which locally in r is an AdS5 background, but whose
AdS curvature changes in r, as in (3.6). This variation is controlled by that of a 5d
scalar, which in the earlier flux throat is φ =
∫
Σ2
B2, changing from (3.3). In purely 5d
terms, the defining property for this scalar is that (from the 10d topological coupling
F3 ∧B2 ∧ F5) it has a 5d topological coupling
SCS = M φF5 (3.7)
This is the 5d version of the topological couplings [59, 60], arising in flux compactifica-
tions as described in [61, 62]. Upon integrating out the non-dynamical F5, the resulting
potential for φ controls the local (in r) value of the vacuum energy. The background
value for this 5d field, following from (3.3) is
dφ = gsM
dr
r
(3.8)
Alternatively, its boundary condition is fixed by the asymptotic behavior
φ ∼M ln(r/r0) (3.9)
The local AdS solution can thus be described as a (in this case, 5d) AdS solution
modified by the backreaction of a (5d) scalar φ with topological coupling to a non-
dynamical field strength top-form and obeying (3.8). The coupling to the top-form can
be replaced by equivalent dual formulations, e.g. the explicit r-dependence of the 5d
vacuum energy.
The local AdS backgrounds we have described contain a naked singularity at the
origin, which in fact is known to admit a smooth deformation (preserving supersym-
metry) in certain singularities, starting from the celebrated conifold example [34] and
generalized in [47]. Thus, the local AdS solution should be regarded as defining the
asymptotics of certain very general class of warped throats, in principle with or with-
out supersymmetry, and imposing swampland constraints on the possible existence of
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such throats in quantum gravity. This brings us to the precise formulation of a new
swampland conjecture.
Local AdS-WGC swampland criterion:
In consistent theory of quantum gravity, there are no stable non-supersymmetric solu-
tions with asymptotics given by local AdS backgrounds, as defined above.
3.2 Evidence from deformation and DSB fractional brane systems
Besides the direct derivation in the spirit of the AdS-WGC, we now present addi-
tional support for the local AdS-WGC. Although the following results are known in
the literature, their re-interpretation in terms of a swampland constraint is new and
provides an interesting insight into the structure of the underlying warped throats and
supersymmetry breaking, which we further exploit in later sections.
As mentioned in section 2, there is a large class of local AdS backgrounds arising
as holographic duals of (the UV regime of) systems of regular and fractional D3-branes
at singularities, specifically, fractional branes of the deformation or DSB kinds (N = 2
fractional branes are discussed in section 4.3). We discuss their interplay with the local
AdS-WGC in turn.
Toric CY singularities admitting a complex deformation can support deformation
branes. The gauge theory on their worldvolumes has an UV RG flow whose holographic
dual is given by a supersymmetric local AdS background supported by M units of
RR flux on the 3-cycle Σ3 associated to the complex deformation. Thus the naked
singularity at the origin in the local AdS background can be smoothed out by giving
this 3-cycle a finite size. The resulting configuration is a smooth supergravity solution
described by a warped version of the deformed CY threefold, preserving supersymmetry,
and with asymptotics given by a local AdS background; this is thus in agreement with
the local AdS-WGC statement. The field theory counterpart of this deformation process
was described in [34, 47].
Toric CY singularities can also support DSB fractional branes which are not asso-
ciated to complex deformations. Still, the gauge theory on their worldvolume has a UV
RG flow whose holographic dual is a supersymmetric local AdS background supported
by M units of RR flux on a 3-cycle Σ3. The latter, however, cannot be given a finite
size while preserving supersymmetry. Naively, one may think that the infrared region
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is smoothed out to an alternative configuration breaking supersymmetry, either in the
form of a supergravity background beyond the warped CY ansatz (in the spirit of e.g.
[63] in the supersymmetric case), or perhaps involving stringy ingredients, such us ex-
plicit sources from branes or other singular objects. However, if such re-stabilization
would indeed be possible, it would contradict our local AdS-WGC statemetnt.
The actual answer is that the warped throats created by DSB fractional branes ac-
tually do not admit any such stable non-supersymmetric smooth version, in agreement
with the local AdS-WGC conjecture. This has actually been already studied in the
lilerature, from the gauge theory side. The complex cone over dP1 is the prototypical
case of a duality cascade triggered by a DSB brane, and the lack of a supersymmetric
vacuum in this dP1 theory was discussed in [46, 53, 54]. This however does not imply
the existence of a non-supersymmetric stable vacuum, rather [46] already established
that the theory shows a runaway behaviour, as follows. By keeping the U(1) factors in
the description of the gauge theory, the system has a supersymmetry breaking minimum
only if the Fayet-Iliopoulos terms are kept fixed, due to the constraints from the D-
term potential. However, the FI terms are actually field dependent, and are controlled
by the vevs of closed string twisted sectors. When they are taken as dynamical, the
D-term potential can relax in new directions leading to the runaway. The same physics
was reinterpreted in [64] as a baryonic runaway direction in the gauge theory with the
(massive) U(1)’s integrated out. In either of these descriptions, the runaway direction
corresponds to a dynamical blow-up of the singularity, since FI terms, or baryonic vevs,
are related to blow-up modes. The fractional brane remains as a D5-brane wrapped on
a 2-cycle in the dP1 exceptional divisor.
The gravity dual of this runaway has not been determined in the literature, but
its structure should correspond to a time-dependent solution, in which the geometry
is resolved by growing a finite size dP1 itself, with M explicit D5-branes wrapped on
one of its 2-cycles. The latter plays the role of sourcing the M units of RR 3-form,
peeling it off the 3-cycle and allowing it to shrink to zero size at the bottom of the
(disappearing) throat.
It is interesting to point out that this system provides an interesting link between
two seemingly unconnected swampland criteria. On one hand, the statement that in
theories of quantum gravity all FI terms should be field-dependent, and thus dynam-
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ical [65]; on the other hand, our newly proposed local AdS-WGC. We expect other
connections of the local AdS-WGC constraint with other swampland criteria.
We thus see that the class of throats obtained from the different kinds of fractional
branes provide illustrative examples of the local AdS-WGC constraint. In later sections
we illustrate the power of this conjecture to exclude candidates to non-supersymmetric
throats proposed in the literature.
3.3 Meta-stable throats
It is important to emphasize that the present form of the local AdS-WGC still allows
for certain forms of non-supersymmetric warped throats. For instance,
• The conjecture poses no conflict so far with the existence of supersymmetry
breaking meta-stable throats with local AdS asymptotics. For instance the systems of
anti-D3-branes at the bottom of conifold-like warped throats (i.e. created by defor-
mation fractional branes), extensively used since [30], are in principle allowed 1. See
also [67], where non-supersymmetric orbifolds are considered and shown to be unstable
through nucleation of bubbles of nothing. In contrast with the AdS-WGC, in local
AdS throats there is no isometry in the radial direction introducing an infinite volume
factor multiplying the decay probability, rather instabilities tend to nucleate near the
tip of the throat. Hence, a finite and potentially small decay amplitude is in principle
feasible, although this point deserves further study2.
• Similarly for the nilpotent Goldstino scenario realized in terms of a single anti-
D3-brane on top of an O3-plane [37], for which the stability remarks of [68] specially
apply.
• Finally, global compactifications including warped throats may contain ingredi-
ents in the CY bulk which modify non-trivially the boundary conditions in the UV
region of the throat, thus changing its asymptotics, and allowing it to evade the lo-
cal AdS-WGC constraint. For instance, this may well be the case if one introduces
euclidean D3-brane instantons on 4-cycles intersecting the underlying DSB D3-brane
system (thus, stretching in the radial direction of the throat) to stop their runaway, as
1For discussions on asymptotics and stability of these throats, there is a long-standing debate, see
e.g. [66] for a recent work, and references therein.
2We thank M. Montero for raising this point.
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proposed in [69] (see also [70, 71] for related tools). Also, if one includes D7-branes
introducing new flavours in DSB D-brane systems, to allow for metastable supersymme-
try breaking vacua [72, 73] in the ISS spirit [74]. For a recent discussion of orientifolded
throats, see [75].
In the following discussions, we consider several large classes of non-supersymmetric
warped throats, and reconcile them with the local AdS-WGC by looking for decay
channels. Whether these decay channels render the configurations unstable or just
meta-stable is not constrained by the conjecture in its present form, hence we loosely
refer to them as instabilities of the configuration, even in cases where they could host
meta-stable backgrounds.
4 Warped throats with Dynamical Supersymmetry Breaking
In the previous discussion, the system of D3-branes breaking supersymmetry had a
fairly manifest runaway behaviour. There are however other systems of D3-branes at
singularities which trigger genuine dynamical supersymmetry breaking, rather than
runaway. In this section we explore the proposal of embedding such systems in warped
throats [38], and how they face the local AdS-WGC.
Again, there are systematic tools for the construction of such theories in terms
of D3-branes at toric singularities (possibly in the presence of orientifold quotients),
producing N = 1 supersymmetric gauge theories with supersymmetry broken only by
non-perturbative dynamics. As explained in [38], dimer diagram tools moreover allow
to realize them as the theories arising in the infrared of duality cascades of systems of
further (deformation) fractional D3-branes at singularities. The gravity dual descrip-
tion of these configurations would correspond to a locally AdS supersymmetric warped
throat supported by 3-form fluxes on a 3-cycle associated to a complex deformation,
and at whose tip we have the supersymmetry breaking D-brane sector.
If stable, such configurations would lead to a supersymmetry breaking warped
throat violating the local AdS-WGC. In this section, we provide a detailed analysis of an
illustrative example and show that the configurations are actually unstable. Concretely,
although the DSB D3-brane system is consistent in isolation, its embedding into a
warped throat contains an instability against bubble nucleation of certain D-brane
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domain walls. The latter are however more involved than just D3-brane domain walls
peeling off the 5-form flux, and provide a novel kind of decay for warped throats. The
system also relates to warped throats from (orientifolds of) N = 2 fractional branes,
which we discuss as well.
4.1 The DSB D-brane system
To make the discussion concrete, we consider an illustrative explicit example given by
the DSB theory introduced in [55]. We start with the C3/Z′6 geometry, where the Z
′
6
generator θ acts as
θ : zi → e2piivizi (4.1)
with v = (1, 2,−3)/6. We consider the quotient by an orientifold group (1 + θ + . . .+
θ5)(1 + Ωα(−1)FL), where α acts as
(z1, z2, z3)→ (e2ipi/12, e4ipi/12, e−6ipi/12). (4.2)
Equivalently, we may introduce invariant coordinates
x = z 61 , y = z
3
2 , z = z
2
3 . (4.3)
in terms of which the orientifold corresponds to the geometric action
x→ −x, y → −y, z → −z. (4.4)
We consider sets of D3-branes at this orientifold singularities. The resulting gauge
theory can be determined from its dimer diagram, shown in Figure 5. As discussed in
the introduction, there are different choices of orientifold signs, which lead to different
results of SO or Sp gauge factors and of / matter fields. For our choice of
interest, corresponding to orientifold signs (a, b, c, d) = (+ +−−), the resulting gauge
theory is
SO(n0)× U(n1)× U(n2)× USp(n3)
( 0, 1) + ( 1, 2) + ( 2, 3)+
+( 0, 2) + ( 1, 3) + 2 + 1+
+[ ( 0, 3) + ( 1, 2) + ( 1, 2) ] . (4.5)
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Figure 5. Dimer diagram for an orientifold of the C3/Z′6 theory, from [55].
As is familiar [44], cancellation of non-abelian gauge anomalies is equivalent to the
requirement of cancellation of compact RR tadpoles, which leads to
−n0 + n2 + n3 − n1 − 4 = 0. (4.6)
We consider the solution n1 = n3 = 0, n0 = k, n2 = k+4, which yields the gauge group
SO(k)×U(k+ 4) with matter ( , ) + (1, ). The U(1) gauge factor is anomalous,
with anomaly canceled by Green-Schwarz couplings, which make it massive and remove
it from the massless spectrum. Focusing on k = 1, we have an SU(5) theory with chiral
multiplets in the 10 + 5 and no superpotential. This theory has been argued to show
dynamical supersymmetry breaking [76, 77]. Since there is no moduli space, there is
an isolated non-supersymmetric vacuum, which however lies at strong coupling and is
non-calculable. Nevertheless, the vacuum energy should scale with the strong dynamics
scale Λ as
V ∼ |Λ|4 (4.7)
This provides a consistent configuration displaying supersymmetry breaking localized
at the tip of the corresponding singularity.
It is natural to consider its embedding into warped throats, as a possible source of
tunable uplifting energy to be used in attempts to build de Sitter string vacua. In the
following we argue this not to be possible.
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4.2 The DSB AdS throat
As a warm-up towards such throats, we may consider the simple addition of a large
number of dynamical D3-branes to the earlier system, and take the near horizon limit.
This corresponds to increasing the rank of all gauge factors in 4.5 by the same amount,
namely
n0 = N + 1 , n1 = n3 = N , n2 = N + 5 (4.8)
For consistency with the USp factor, N should be taken even, but is otherwise uncon-
strained.
Since the DSB D-brane system (including the orientifold and the k = 1 SU(5)
D-brane set) is subleading in 1/N , standard arguments show that in the large N limit
we obtain a gravity dual given by AdS5 ×X, where X corresponds to an orientifold of
the Z′6 orbifold of S
5. Note that since the Z′6 orbifold contains fixed complex planes
in C3, there are fixed circles in the action on S5. This leads to circles of C2/Z2 and
C2/Z3 singularities, which are however well understood [78, 79]. The orientifold action
(4.4) has instead the origin as only fixed point, hence it is freely acting on S5.
At leading order in 1/N , which corresponds to the classical gravity level, we have
a supersymmetric AdS configuration, associated to the near horizon limit of a D-brane
system saturating the WGC bound, hence satisfying the AdS-WGC. In the exact con-
figuration, however, the DSB D-brane sector breaks supersymmetry, and implies that
at the quantum level the gravitational background becomes non-supersymmetric, hence
according to the AdS-WGC, the system should exhibit an instability.
Naively, it would seem that the instability corresponds, as suggested in [7], to the
emission of shells of D3-branes peeling off the 5-form flux background from the AdS
solution. This would correspond, in the underlying picture of D-branes at singularities,
to the DSB D-brane system repelling dynamical D3-brane off the origin towards generic
points in the transverse space. This actually turns out to be incorrect, as can be
shown using the field theory description, using standard supersymmetric field theory
arguments. Expelling the dynamical D3-branes corresponds to the Higgsing down the
gauge theory with the rank assignment (4.8) to the original N = 0 SU(5) theory, by
giving vevs to suitable mesonic operators. To make the point, it suffices to turn on a
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vev for the gauge invariant operator involving fields in the first line in (4.5)
〈 ( 0, 1) · ( 1, 2) · ( 2, 3) 〉 ≡ Φ3 (4.9)
Here Φ is the dimension 1 order parameter for this vev. The superpotential involves
only triples of fields from the three different lines in (4.5), hence it is an F-flat direction.
As follows from the D-brane picture, there are more general choices, allowing for three
independent vevs – for similar mesonic operators built from fields in the three different
lines in (4.5) — for each of the dynamical D3-branes. But for our present purposes it
suffices to consider only this overall position vev Φ.
From the viewpoint of the infrared SU(5) theory this corresponds to a Higgsing of
the UV SU(N + 5) theory by the N flavours acquiring vevs involved in Φ. Denoting
Λ, and ΛUV the dynamical scales of the SU(5) and SU(N + 5) theories, the potential
for Φ would follow from (4.7) from the implicit dependence of the IR scale Λ on Φ.
However, taking the SU(5) theory, with a 10+5 matter content, and the UV SU(N+5)
theory, with matter content (3N + 1) + 2N + , the matching relation is just
Λ = ΛUV, with no dependence of Φ. This implies that the DSB D-brane systems does
not exert forces on dynamical D3-branes, which are thus not repelled from the origin.
The non-supersymmetric AdS configuration is not unstable towards the emission of
such D3-brane shells peeling off the 5-form flux.
Actually, the contradiction with the AdS-WGC statement is avoided by a novel
mechanism, related to a different kind of instability, which we explain as follows. Let
us return to the picture of D3-branes at the orientifold of the C3/Z′6 singularity, i.e. the
rank assignment (4.8). The Z′6 quotient does not actually define an isolated singularity;
indeed, the generator (4.1) has the origin as only fixed point, but θ3 leaves invariant
the complex plane parametrized by z2, and θ
2 leaves z3 invariant. This implies that
there is a complex plane (along z2) of C
2/Z2 singularities, and a complex plane (along
z3) of C
2/Z3 singularities. In the field theory, there are flat directions corresponding
to splitting some of the dynamical D3-branes into fractional D3-branes (of the N = 2
kind, i.e. D5-branes wrapped on the collapsed cycles of the C2/Zn) which can slide off
the origin along the corresponding complex plane. Once the non-perturbative super-
symmetry breaking kicks in, these flat directions can turn into runaway, providing an
instability, bringing back agreement with the AdS-WGC.
– 19 –
The existence of this instability can again be analyzed in terms of the field theory,
by Higgsing and scale matching. Consider for concreteness the splitting of dynamical
D3-branes into fractional D3-branes of the C2/Z2 singularity associated to θ
3, and
moving the latter along z2. A similar analysis could be performed using the fractional
branes of the C2/Z3 curve of singularities. Motion in z2 corresponds to mesonic vevs
for fields in the second line in (4.5). Denoting the fields ( 0, 2) and 2 by QA
i
and Aij, respectively, and ( 1, 3), 1 by Q
′
j′,B′ , S
i′j′ , respectively, the vevs for
the two kinds of fractional branes have the structure
v = 〈 ABQAiQBjAij 〉 ; v′ = 〈Si′j′Qi′AQj′BδAB 〉 (4.10)
For simplicity we have assumed all fractional D3-branes of the same kind to be located
at the same position. The fact that the two different fractional branes are related to
vevs of fields Higgsing the combinations of gauge factors (0,2) and (1,3), respectively, is
manifest in the dimer diagram in Figure 5, where the above combinations correspond
to two sets of faces forming two different strips in the z2 mesonic direction.
Let us compute the scale matching. Considering for instance v  v′ (eventually
shown to be the realistic regime), the Higgsing pattern is
SO(N + 1)× SU(N)× SU(N + 5)× USp(N) v−→ (4.11)
v−→ SO(1)× SU(N)× SU(5)× USp(N) v′−→ SO(1)× SU(5)
where the SO(1) factor is kept for bookkeeping purposes. In the first step, the SU(N+
5) is Higgsed down to SU(5). In the second step, the SU(5) theory maintains the
number of colors, but 2N flavours become massive. The scale matching between the
IR and UV scales Λ, ΛUV is
Λ13 = Λ13UV v
′2N v−2N (4.12)
Replacing in (4.7), the vev v runs away to infinity, while the vev v′ is attracted to zero.
Note that, although the two kinds of fractional branes have similar features in
isolated C2/Z2, they have a very different behavior in the presence of the orientifold
action. This is in fact manifest already in the orientifold projection on the gauge group
and matter content.
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The resulting configuration is given by a set of D-branes describing the SO(1) ×
SU(N)×SU(5)×USp(N) gauge theory. The SU(5) gauge factor still has the antisym-
metric matter, but it has extra vector-like flavours, and the theory has supersymmetric
vacua [77]. This fits nicely with the vacuum energy from (4.7), (4.12) going to zero
as v′ → 0. Note that the final configuration can be described as a quotient (a Z3
orbifold of an orientifold of) a set of N N = 2 fractional branes at C2/Z2. This
configuration has a supersymmetric gravity dual given by a locally AdS throat of the
kind studied in [80, 81]. These can be regarded as N = 2 versions of the N = 1
Klebanov-Strassler throats, with the singularity at the origin resolved by a stringy phe-
nomenon, the so-called enhanc¸on configuration [82]. The fact that the final end point
is a supersymmetric local AdS background avoids conflicts with the local AdS-WGC.
In the gravity picture of the initial configuration, the instability of the non-susy
AdS corresponds to the nucleation of bubbles defined by suitable fractional D3-branes,
namely D5-branes wrapped on a collapsed P1 on the S
1 of C2/Z2 singularities, and with
spatial topology S3 in the non-compact dimensions, expanding outwards with time. In
the interior, we are left with a supersymmetric locally AdS throat induced by the N
fractional branes stabilized at the origin, and with the singularity at its tip smoothed
out presumably by an enhanc¸on configuration. In contrast with other examples in
the literature, this is neither a bubble of nothing nor a bubble removing the 5-form
flux completely. It thus corresponds to a novel decay channel for non-supersymmetric
warped throats.
The C3/Z′6 orientifold singularity can be embedded in a locally AdS warped throat
associated to a complex deformation, as discussed in section 4. In this setup, super-
symmetry breaking on the infrared gauge theory would lead to contradiction with our
proposed local AdS-WGC. However, our above analysis of the AdS case shows that the
locally AdS throat is already unstable due to D5-brane bubble nucleation (on top of
other possible decay channels related to the deformation fractional branes). Hence, the
conflict with the local AdS-WGC is solved by the decay channel already solving the
potential conflict with the AdS-WGC.
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4.3 Non-supersymmetric warped throats for N = 2 fractional branes
In this section we exploit the previous configuration to obtain a non-trivial example of
non-supersymmetric warped throat induced byN = 2 fractional branes. The discussion
is straightforward and the arguments should be familiar by now.
Consider the previous orientifold singularity, with D-branes corresponding to the
rank assignment
n0 = M + 1 , n1 = n3 = 0 , n2 = M + 5 (4.13)
with M even, for consistency of the (hidden) USp factor. This leads to a gauge theory
with group SO(M+1)×SU(M+5), with matter ( , )+(1, ). In the limit of large
M , at leading order we have a gravity dual given by a quotient of the supersymmetric
N = 2 warped throats in [80, 81]. The configuration is of the local AdS kind, hence
the local AdS-WGC constraints should apply.
On the other hand, the gauge theory does not have a supersymmetric vacuum.
The SU(N) theory with odd N , antisymmetric matter, and no extra flavours, breaks
supersymmetry, as shown in [76, 77, 83]. Actually, this reference argued for an isolated
supersymmetry breaking vacuum for the theory with Yukawa couplings, which remove
the classical flat direction. In our present example, such superpotential couplings are
absent, and the classical flat direction can turn into runaway ones. This is precisely
the conclusion from matching of scales, as in the previous section, which we skip.
This means that, on the gravity side, the classical background has a decay channel
given by nucleation of bubbles of fractional branes, exactly as in the previous section. In
this case, however, since there are no fractional branes of the supersymmetry preserving
kind, the bubbles completely peel off the 5-form flux background of the configuration
leading to a complete decay of the local AdS throat.
This example thus provides an explicit example of the application of the local AdS-
WGC constraint to non-supersymmetric warped throats induced by N = 2 fractional
branes.
5 Supersymmetry breaking orientifolds in warped throats
In the previous sections, we have focused on warped throats whose underlying D-brane
configuration is supersymmetric in perturbation theory, with supersymmetry breaking
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arising from non-perturbative strong dynamics effects. It is interesting to check the
behavior of warped throats with more dramatic supersymmetry breaking patterns. In
this section, we explore a class of warped throats, where supersymmetry breaking is
induced by orientifold planes not preserving the supersymmetry preserved by the CY
geometry and the 3-form fluxes. In fact, they correspond to the CPT conjugates of
the familiar supersymmetric orientifold planes, so we refer to them as anti-orientifold
planes. Systems of anti-orientifold planes in the presence of D-branes are identical
to systems of anti-D-branes in the presence of orientifold planes, which have been
considered in many non-supersymmetric string constructions, pioneered in [84–89].
5.1 Non-supersymmetric throats from anti-O3-planes
We focus on anti-O3-planes in the presence of a large number N of D3-branes, pos-
sibly at singularities and with extra M fractional branes. In the underlying D-brane
construction, they lead to an explictly non-supersymmetric spectrum, which can be
easily determined using open string techniques and (non-supersymmetric projections
of) dimer diagrams. For M = 0, the systems of anti-O3-planes with N D3-branes be-
have as “supersymmetric” and conformal in the leading large N approximation, in the
sense that the effects of orientifold planes (noticed via crosscaps) are subleading in the
large N limit. This implies that the gravity dual description corresponds to AdS back-
grounds which behave as supersymmetric in the classical supergravity approximation,
but have supersymmetry breaking effects at 1-loop. Similarly, in systems in the pres-
ence of M additional deformation branes, we obtain locally AdS warped throats which
are supersymmetric in the leading approximation, but break supersymmetry at the
1-loop order. These AdS and locally AdS configurations thus correspond to classically
stable backgrounds, which, if stable in the full theory, would violate the AdS-WGC or
the local AdS-WGC, respectively. Our purpose is thus to test the stability of these
configurations, providing a check of these conjectures at the quantum level.
Concrete examples are easy to build. For instance, [37] provided tools to embed a
single (anti-)O3-plane at the bottom of a warped throat with 3-form fluxes, for instance
based on the xy = z3w3 singularity, a Z3 orbifold of the conifold. The deformed conifold
itself xy−zw = t2 also admits an involution (x, y, z, w)→ (y, x,−z,−w) leading to O3-
planes (in fact, two, located at z = w = 0, x = y = ±i t) [90]. Considering any of these
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geometries, we may just replace the O3-planes by anti-O3-planes and obtain explicit
locally AdS warped throats with supersymmetry broken by anti-orientifold planes.
5.2 Dynamics of D3-branes and anti-O3-planes
It is useful to start considering anti-O3-planes in flat space, in the presence of N D3-
branes. In the large N limit, the near horizon limit leads to gravity duals of the form
AdS5×RP5, which behave as supersymmetric at leading order and feel the absence of
supersymmetry at order 1/N . The configuration is the CPT symmetric of O3-planes in
the presence of anti-D3-branes (denoted by D3’s), which was studied in [87] following
the analysis in [91] for the supersymmetric O3-D3 system. We now revisit the main
points, in anti-O3-plane language.
An anti-O3-plane is a fixed plane of the Z2 orientifold action on R
6, preserving
the 16 supersymmetries broken by D3-branes. There are four kinds of anti-O3-planes,
classified according to the (discretized) values 0, 1
2
for the NSNS and RR 2-form back-
grounds on the RP2 (twisted) 2-cycles on the RP5 = S
5/Z2 surrounding the origin
in R6. In short, comparing with [91], the tension of an anti-O3-plane equals that of
the corresponding O3-plane, while they have opposite RR charge. The tensions and
charges, measured in D3-brane units, for the anti-O3-planes are in the following table.
D-brane description (θNS, θR) Tension RR charge
anti-(O3−) (0, 0) -1/2 +1/2
anti-(O3−) + 1 D3 (0, 1/2) +1/2 −1/2
anti- O3+ (1/2, 0) +1/2 −1/2
anti- O˜3
+
(1/2, 1/2) + 1/2 −1/2
Just like for O3-planes, the O3− is a singlet under the type IIB SL(2,Z) and the
three remaining ones transform into each other under it.
The stability of the throats built out using these anti-O3-plane can be heuristically
understood by considering the dynamics of D3-branes in the presence of these anti-O3-
planes. Namely, we can consider the previous anti-O3-planes with a N D3-branes on
top (as counted in the double cover), and study the stability properties of the system.
The corresponding analysis can in fact be borrowed from [87] (in its CPT conjugate
version). It is straightforward to obtain the spectrum of the non-supersymmetric gauge
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theories on D3-branes in the presence of the different anti-O3-planes. The stability
properties of the system can be assessed from the open string perspective, by the
computation of the Coleman-Weinberg potential. We instead focus on the dynamics
in the dual closed string channel, by comparing the interaction between D3-branes
and anti-O3-planes due to exchange in the NSNS and RR channels. We consider the
different cases in turn:
• Consider N = 2p D3-branes in the presence of the anti-(O3−). They have op-
posite sign tensions and equal sign RR charges, hence the gravitational and Coulomb
interactions are both repulsive. Thus, D3-branes are expelled away from the anti-(O3−)
and the configuration is unstable.
• Take N = 2p D3-branes in the presence of the anti-(O3−) + 1 D3. The D3-branes
are attracted to the origin, but when they reach below sub-stringy distances, a tachyon
arises from open strings between the stuck D3- and the dynamical D3-branes. The
result is a configuration of the anti-(O3−) with one stuck D3-brane at the origin, and
(2p− 2) dynamical D3-branes. The system at the origin has tension +1/2 and charge
+3/2, so the Coulomb repulsion overcomes the gravitational attraction and D3-branes
are repelled. The result is a (CPT conjugate) of the nilpotent Goldstino configuration
[37].
• Consider N = 2p D3-branes in the presence of the anti-(O3+). The gravitational
and Coulomb interactions are both attractive, so the D3-branes are driven to the ori-
gin. Contrary to the previous case, however, there is no obvious annihilation between
the anti-(O3+) and the D3-branes. This would suggest that the non-supersymmetric
AdS5 ×RP5 gravity dual is stable, in conflict with the AdS-WGC. Happily, as we will
discuss later on, a non-perturbative instability will come to the rescue.
• For N = 2p D3-branes in the presence of the anti-(O˜3+) we have a similar
situation. The D3-branes are driven to the origin, and no obvious decay channel seems
to be available. This perturbatively stable configuration is however again rendered
unstable by a non-perturbative process described later on, thus solving the potential
conflict with the AdS-WGC and the local AdS-WGC constraints.
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5.3 Instabilities in throats with anti-O3-planes
The large N limit of the above configurations of D3-branes on top of anti-O3-planes
leads to near horizon geometries classically given by AdS5×RP5, with N units of RR
5-form flux (as counted in the covering space) and the corresponding discrete NSNS and
RR 2-form backgrounds on RP2 ⊂ RP5. Absence of supersymmetry is only detectable
at the 1-loop (i.e. 1/N order), namely via string diagrams involving crosscaps and
thus noticing the underlying non-supersymmetric orientifold. Thus, the AdS-WGC
condition implies such AdS backgrounds should have instabilities.
The same statement applies in more general local AdS warped throats with anti-
O3-planes. For any local AdS warped throat admitting a supersymmetric orientifold
involution introducing O3-planes, it is possible to consider the non-supersymmetric
version obtained by the introduction of any of the different anti-O3-planes. The result-
ing gravitational background remains the same at the level of classical supergravity,
but subleading corrections encode the breaking of supersymmetry. Thus, the local
AdS-WGC conditions imply such local AdS backgrounds should be unstable.
We now analyze the instabilities in these AdS backgrounds, and the same conclu-
sions clearly apply to local AdS configurations. The analysis follows the discussion in
the previous section.
• In the case of the anti-(O3−) orientifold projection, the repulsion exerted by the
anti-O3-plane on D3-branes translates into a decay channel of the corresponding non-
supersymmetric AdS5 × RP5 background, by nucleation of D3-brane bubbles, which
discharge the N units of RR 5-form flux, much along the lines suggested in [7].
• In the case of the anti-(O3−) with an extra anti-D3-brane, the decay channel
of the corresponding non-supersymmetric AdS5 ×RP5 background is identical to the
previous one, since the two configuration simply differ in the value mod 2 of the RR
5-form flux N . Notice that the decay does not change the values of the NSNS and RR
2-form backgrounds, since the anti-(O3−) with either the initial stuck anti-D3-brane or
the final stuck D3-brane, both have vanishing NSNS background and non-trivial RR
2-form background.
• In the case of the anti-(O3+) projection, the flat space configuration seems stable.
However, the S-dual of the anti-(O3+) is given by the configuration of an anti-(O3−)
+ 1 D3 of the previous paragraph. This suggests that the anti-(O3+) can turn into an
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anti-(O3−) via strong coupling processes. Indeed, notice that if one considers an NS5-
brane (whose core is inherently non-perturbative) stretching along three of the anti-O3
directions and three directions transverse to it, the NS5-brane splits the anti-O3 in two
halves, which actually have opposite signs for the orientifold plane charge, with one
extra half anti-D3-brane on top of the anti-(O3−) half to provide a continuous O3-plane
charge across the NS5-brane (see [92] for a review including such brane constructions).
This allows to nucleate holes in the anti-(O3+), in whose interior the stuck D3 on the
anti-(O3−) can annihilate against one of the D3-branes around it, leading to repulsion of
the remaining D3-branes, and thus, to instability. This suggests that, in the AdS5×RP5
gravity dual language, there is a decay channel via the nucleation of bubbles bounded by
a domain wall given by an NS5-brane wrapped on a maximal RP2. From the analysis
of topological constraints on wrapped branes in [91] (derived in the supersymmetric
setup, but valid in general), this is indeed allowed. The NS5-brane may moreover carry
arbitrarily large D3-brane charge, thus discharging dynamically the RR 5-form flux and
rendering the AdS unstable.
• Similar conclusions hold in the case of the anti-(O˜3+) projection, where now
the required domain wall involves a bound state of one NS5- and one D5-brane (aka
a (1,1)-fivebrane) wrapped on RP2 ⊂ RP5, thus changing both the NSNS and RR
2-form backgrounds. The fivebrane can carry D3-brane charge, so it can peel off the
RR 5-form flux of the AdS compactification triggering its instability.
The instabilities of the above non-supersymmetric orientifolds of AdS backgrounds
generalize straightforwardly to non-supersymmetric orientifolds of local AdS warped
throats. Hence, in this class of examples, the local AdS-WGC is closely related to the
ordinary AdS-WGC constraint.
6 Discussion
In this paper we have proposed a new swampland conjecture forbidding stable non-
supersymmetric locally AdS warped throats. This local AdS-WGC statement gener-
alizes the analogous statement for stable non-supersymmetric AdS vacua. We have
illustrated its application, which allows to reinterpret several known results about
warped throats from fractional branes, and to derive new results on the (in)stability of
– 27 –
large classes of non-supersymmetric throats, with supersymmetry breaking triggered
by strong dynamics in infrared D-brane sectors, or by the presence of stringy sources
like anti-O3-planes.
Although the local AdS-WGC forbids stable non-supersymmetric throats, it has no
direct bearing on meta-stable non-supersymmetric throats. In contrast with the AdS-
WGC, there is no isometry in the radial direction introducing an infinite volume factor
multiplying the decay probability, so a finite and potentially small decay amplitude is
in principle feasible. The question of whether swampland criteria can impose further
restrictions on the meta-stable throats used in dS uplifts is a very interesting one, to
which we plan to return in the future.
Several of the instabilities of the non-supersymmetric throats we have discussed are
of the runaway kind. In actual 4d compactifications, this corresponds to shortening the
throat, thus moderating the hierarchies between the bulk and the throat. Hence, even
if the dynamics of the global compactification eventually stabilizes the runaway and
renders such configurations more stable, there may remain a question on the tunability
of scale hierarchies in the final states. The possibility that swampland criteria directly
constrain such hierarchies is a tantalizing direction we hope to explore in the future.
We have made some interesting progress, and provided yet another hint that the
body of knowledge on swampland criteria on effective theories is paving the way towards
an era of Quantum Gravitational String Phenomenology.
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